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Abstract
We study dS5 vacua within matter-coupled N = 4 gauged supergravity
in five dimensions using the embedding tensor formalism. With a simple
ansatz for solving the extremization and positivity of the scalar potential,
we derive a set of conditions for the gauged supergravity to admit dS5
as maximally symmetric background solutions. The results provide a new
approach for finding dS5 vacua in five-dimensional N = 4 gauged super-
gravity and explain a number of notable features pointed out in previous
works. These conditions also determine the form of the gauge groups to be
SO(1, 1) ×Gnc with Gnc being a non-abelian non-compact group. In gen-
eral, Gnc can be a product of SO(1, 2) and a smaller non-compact groupG
′
nc
together with (possibly) a compact group. The SO(1, 1) factor is gauged
by one of the six graviphotons, that is singlet under SO(5) ∼ USp(4) R-
symmetry. The compact parts of SO(1, 2) and G′nc are gauged by vector
fields from the gravity and vector multiplets, respectively. In addition,
we explicitly study dS5 vacua for a number of gauge groups and compute
scalar masses at the vacua. As in the four-dimensional N = 4 gauged
supergravity, all the dS5 vacua identified here are unstable.
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1 Introduction
Finding de Sitter (dS) vacua, with a positive cosmological constant, is one of the
most interesting areas in gauged supergravities due to their importance in cos-
mology [1, 2, 3] and the dS/CFT correspondence [4]. Unlike the AdS vacua which
are rather common in gauged supergravities, dS vacua are rare and occur only
for a specific form of gauge groups. Moreover, embedding these vacua from lower-
dimensional effective theories in string/M-theory is a highly non-trivial task, see
for example [5, 6, 7, 8], and a recent review [9].
In four dimensions, de Sitter vacua are extensively studied due to their
direct relevance for cosmology, see for example [10, 11, 12, 13, 14]. In other di-
mensions, much less is known about this type of vacua. In this paper, we are
interested in dS5 vacua of N = 4 gauged supergravity coupled to vector mul-
tiplets constructed in [15, 16]. There are no dS5 vacua in pure N = 4 gauged
supergravity of [17]. dS5 vacua of N = 4 gauged supergravity coupled to two
vector multiplets have already appeared in [18]. From a number of explicit ex-
amples, it has been pointed out that gauge groups admitting dS5 vacua must
contain non-compact abelian SO(1, 1) and non-compact non-abelian factors. To
the best of our knowldege, these are the only known dS5 vacua in the framework
of matter-coupled N = 4 gauged supergravity. There are also a number of dS5
vacua in the maximal N = 8 and the minimal N = 2 gauged supergravities
[19, 20, 21, 22, 23]. However, most of these dS5 vacua are unstable except for a
few examples in [23].
We will use the embedding tensor formalism to analyze the extremization
and positivity of the scalar potential in terms of fermion-shift matrices. With a
simple ansatz, we can derive a number of conditions the embedding tensor must
satisfy in order for the scalar potential to admit a dS5 vacuum. In general, solv-
ing these conditions subject to the qudratic constraint will determine the form of
possible gauge groups. The analysis and the resulting conditions are very simi-
lar to the conditions for the existence of maximally supersymmetric AdS5 vacua
studied in [24]. In a sense, our results can be regarded as a dS5 analogue but are
based on some assumption rather than supersymmetry. We will also show that
our results explicitly lead to the fact that the gauge groups must be of the form
SO(1, 1)×Gnc with Gnc being a non-abelian and non-compact group as pointed
out in [18]. In general, for Gnc being a semisimple group, Gnc can be a product
of SO(2, 1) and a smaller non-compact group G′nc.
The paper is organized as follow. In section 2, we review relevant for-
mulae for computing the scalar potential of N = 4 gauged supergravity in five
dimensions coupled to vector multiplets in the embedding tensor formalism. In
section 3, we derive the conditions that the embedding tensor needs to satisfy in
order for the scalar potential to admit dS5 vacua and determine a general form of
gauge groups implied by these conditions. Some examples of these gauge groups
are explicitly studied in section 4, and conclusions and comments are given in
3
section 5. We also include an appendix containing useful identities for SO(5)
gamma matrices and a collection of non-vanishing components of the embedding
tensor for all gauge groups considered in this paper.
2 Five dimensional N = 4 gauged supergravity
coupled to vector multiplets
In this section, we review five dimensional N = 4 gauged supergravity coupled to
n vector multiplets. We will only focus on formulae relevant for finding vacuum
solutions. The detailed construction can be found in [15] and [16].
The N = 4 gravity multiplet consists of the graviton eµˆµ, four gravitini
ψµi, six vectors A
0 and Amµ , four spin-
1
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fields χi and one real scalar Σ, the dila-
ton. Space-time and tangent space indices are denoted respectively by µ, ν, . . . =
0, 1, 2, 3, 4 and µˆ, νˆ, . . . = 0, 1, 2, 3, 4. The SO(5) ∼ USp(4) R-symmetry in-
dices are described by m,n = 1, . . . , 5 for the SO(5) vector representation and
i, j = 1, 2, 3, 4 for the SO(5) spinor or USp(4) fundamental representation. The
dilaton Σ can be considered as a coordinate on SO(1, 1) ∼ R+ coset manifold.
The vector multiplet contains a vector field Aµ, four gaugini λi and five
scalars φm. The n vector multiplets will be labeled by indices a, b = 1, . . . , n, and
the component fields within these multiplets will be denoted by (Aaµ, λ
a
i , φ
ma).
From both gravity and vector multiplets, there are in total 6 + n vector fields
which will be collectively denoted by AMµ = (A
0
µ, A
M
µ ) = (A
0
µ, A
m
µ , A
a
µ). The 5n
scalar fields from the vector multiplets parametrize the SO(5, n)/SO(5)×SO(n)
coset. To describe this coset manifold, we introduce a coset representative V AM
transforming under the global SO(5, n) and the local SO(5)×SO(n) by left and
right multiplications, respectively. We use indices M,N, . . . = 1, 2, . . . , 5 + n for
global SO(5, n) indices. The local SO(5)× SO(n) indices A,B, . . . will be split
into A = (m, a). We can accordingly write the coset representative as
V AM = (V mM ,V aM ). (1)
The matrix V AM is an element of SO(5, n) and satisfies the relation
ηMN = VMAVNBηAB = −V mM V mN + V aM V aN (2)
with ηMN = diag(−1,−1,−1,−1,−1, 1, . . . , 1) being the SO(5, n) invariant ten-
sor.
Gaugings are implemented by promoting a subgroup G0 of the full global
symmetry G = SO(1, 1) × SO(5, n) to be a local symmetry. The most general
gaugings can be described by using the embedding tensor. N = 4 supersymmetry
allows three components of the embedding tensor denoted by ξM , ξMN = ξ[MN ]
and fMNP = f[MNP ] [16]. The embedding tensor leads to minimal coupling of
various fields via the covariant derivative
Dµ = ∇µ − AMµ fMNP tNP − A0µξNP tNP −AMµ ξN tMN −AMµ ξM t0 (3)
4
in which ∇µ is the usual space-time covariant derivative and tMN = t[MN ] and t0
are generators of SO(5, n) and SO(1, 1), respectively. It should also be noted that
ξM , ξMN and fMNP include the gauge coupling constants, and SO(5, n) indices
M,N, . . . are lowered and raised by ηMN and its inverse η
MN , respectively.
In term of the embedding tensor, gauge generators XMNP = (XM)N
P
are given by
XMN
P = −fMNP − 1
2
ηMNξ
P + δP[MξN ],
XM0
0 = ξM , X0M
N = −ξMN . (4)
To ensure that these generators form a closed subalgebra of G
[XM, XN ] = −XMNPXP , (5)
the embedding tensor must satisfy the following quadratic constraint
ξMξM = 0, ξMNξ
N = 0, fMNP ξ
P = 0,
3fR[MNfPQ]
R = 2f[MNP ξQ], ξM
QfQNP = ξMξNP − ξ[NξP ]M . (6)
Since we are only interested in maximally symmetric solutions, we will set
all fields but the metric and scalars to zero. In this case, the bosonic Lagrangian
of a general gauged N = 4 supergravity coupled to n vector multiplets can be
written as
e−1L = 1
2
R− 3
2
Σ−2∂µΣ∂µΣ +
1
16
∂µMMN∂
µMMN − V (7)
where e is the vielbein determinant. The scalar potential is given by
V = −1
4
[
fMNPfQRSΣ
−2
(
1
12
MMQMNRMPS − 1
4
MMQηNRηPS
+
1
6
ηMQηNRηPS
)
+
1
4
ξMNξPQΣ
4(MMPMNQ − ηMPηNQ)
+
√
2
3
fMNP ξQRΣM
MNPQRS + ξMξNΣ−2MMN
]
(8)
with MMN being the inverse of a symmetric matrix MMN defined by
MMN = V mM V mN + V aM V aN . (9)
MMNPQRS is obtained from raising indices of MMNPQR defined by
MMNPQR = ǫmnpqrV mM V nN V pP V qQ V rR . (10)
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Equivalently, the scalar potential can also be written in terms of fermion-
shift matrices as
− 1
4
ΩijV = Aik1 A
j
1k − Aik2 Aj2k −Aaik2 Aaj2 k (11)
or, after a contraction of i and j indices,
V = −Aij1 A1ij + Aij2 A2ij + Aaij2 Aa2ij . (12)
The fermion shift matrices are in turn defined by
Aij1 =
1√
6
(−ζ (ij) + 2ρ(ij)) , (13)
Aij2 =
1√
6
(
ζ (ij) + ρ(ij) +
3
2
τ [ij]
)
, (14)
Aaij2 =
1
2
(
−ζa[ij] + ρa(ij) −
√
2
4
τaΩij
)
(15)
where
τ [ij] = Σ−1VMijξM , τa = Σ−1VMaξM , ζ (ij) =
√
2Σ2ΩklVMikVNjlξMN ,
ζa[ij] = Σ2VMaVN ijξMN , ρ(ij) = −2
3
Σ−1V ikMVjlNVP klfMNP ,
ρa(ij) =
√
2Σ−1ΩklVMaVNikVP jlfMNP . (16)
We have explicitly shown the symmetry of each tensor for later convenience.
Note also that lowering and raising of USp(4) indices i, j, . . . with the symplectic
form Ωij and its inverse Ω
ij correspond to complex conjugate for example A1ij =
ΩikΩjlA
kl
1 = (A
ij
1 )
∗. VMij is related to VMm by SO(5) gamma matrices and
satisfies the relations
VMij = −VMji and VMijΩij = 0. (17)
3 de Sitter vacua of N = 4 five-dimensional gauged
supergravity
We now consider gauge groups that lead to de Sitter vacua. Following [24], we
first define V ijM in term of the coset representative VMm by
VMij = VMmΓijm (18)
where Γijm = Ω
ikΓmk
j and Γmi
j are SO(5) gamma matrices. Similarly, the inverse
element VijM can be written as
VijM = VmM(Γijm)∗ = VmMΓklmΩkiΩlj . (19)
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As in [24], it is useful to introduce “dressed” components of the embedding
tensor
ξA = 〈VMA〉ξM , ξAB = 〈VMA〉〈VNB〉ξMN ,
fABC = 〈VMA〉〈VNB〉〈VP C〉fMNP (20)
where, as in [24], 〈 〉 means the quantity inside is evaluated at the vacuum. Using
the splitting of the index A = (m, a), we have the following components of the
embedding tensor under the decomposition SO(5, n)→ SO(5)× SO(n)
ξA = (ξm, ξa), ξAB = (ξmn, ξma, ξab), fABC = (fmnp, fmna, fabm, fabc). (21)
In subsequent snalysis, we will determine the form of gauge groups that lead to
dS5 vacua. With some assumption, the analysis is very similar to that of the
supersymmetric AdS5 vacua studied in [24].
In order to have dS5 vacua, we require that
〈δV 〉 = 0 and 〈V 〉 > 0 . (22)
In terms of the fermion-shift matrices, these conditions read
〈δV 〉 = −2〈δAij1 A1ij〉+ 2〈δAij2 A2ij〉+ 2〈δAaij2 Aa2ij〉 = 0, (23)
and 〈Aij2 A2ij〉+ 〈Aaij2 Aa2ij〉 > 〈Aij1 A1ij〉 . (24)
There are various ways to satisfy these relations. To make the analysis tractable,
we will restrict ourselves to the following two possibilities:
1. 〈Aij1 〉 = 0, 〈Aaij2 〉 = 0 and 〈Aik2 A2jk〉 = 14 |µ|2δij with A2ijδAij2 = 0.
2. 〈Aij1 〉 = 0, 〈Aij2 〉 = 0 and 〈Aaik2 Aa2jk〉 = 14 |µ|2δij with Aa2ijδAaij2 = 0.
|µ|2 denotes the cosmological constant, the value of the scalar potential at the
vacuum V0.
3.1 〈Aij1 〉 = 0, 〈Aaij2 〉 = 0 and 〈Aik2 A2jk〉 = 14|µ|2δij
We begin with the first possibility. Since Aaij2 consists of three representations
of USp(4) namely 10, 5 and 1 corresponding to ρa(ij), ζa[ij] and Ωijτa, respec-
tively, the condition 〈Aaij2 〉 = 0 then implies that these components must vanish
separately
〈ρa(ij)〉 = 〈ζa[ij]〉 = 〈τa〉 = 0 . (25)
The condition 〈Aij1 〉 = 0 gives
〈ζ (ij)〉 = 2〈ρ(ij)〉 . (26)
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Using the definitions in (16), we have
τa = Σ−1ξa, ζa[ij] = Σ2ξamΓijm,
ρa(ij) =
√
2Σ−1ΩklfamnΓikmΓ
jl
n = −
√
2Σ−1famn(Γmn)ij . (27)
The conditions in (25) then imply that
ξa = ξam = famn = 0 (28)
due to the non-vanishing 〈Σ〉 and Γijm and Γijmn being all linearly independent.
Using the first condition of the quadratic constraint (6), we find that
ξMξM = −ξmξm + ξaξa = ξmξm = 0 (29)
which implies ξm = 0. Accordingly, we are left with ξM = 0.
With ξM = 0 together with (26), we have τ [ij] = Σ−1ξmΓijm = 0 and
Aij2 =
3
2
√
6
ζ (ij) =
√
3
2
Σ2ξmn(Γmn)
ij . (30)
Using the identity given in (121) and the fact that (Aij2 )
∗ = Akl2 ΩkiΩlj, we find,
from Aik2 A2jk =
1
4
|µ|2δij ,
1
4
|µ|2δij = −
3
2
〈Σ4〉ξmnξpq(ΓmnΓpq)ij = −
3
4
〈Σ4〉ξmnξpq{Γmn,Γpq}ij
= −3
2
〈Σ4〉ξmnξpq(Γmnpq)ij + 3〈Σ4〉ξmnξmnδij (31)
which gives
ξ[mnξpq] = 0 and 〈Σ4〉ξmnξmn = |µ|
2
12
. (32)
In addition, the condition (26) gives
3
√
2ξqr〈Σ3〉 = −2ǫmnpqrfmnp . (33)
We can easily see that, apart from numerical differences, these conditions have a
very similar structure to those for the existence of supersymmetric AdS5 vacua.
However, we still need to check whether these conditions extremize the potential.
Note that for the AdS5 case, the potential is automatically extremized since in
this case we have
δAij1 = −2Σ−1Aij2 δΣ +
2√
3
ΩklΓ
k(i
m A
j)l
2a δφ
ma (34)
where we have introduced the variations of the coset representative VMA with
respect to scalars φma
δVMm = VMaδφma and δVMa = VMmδφma . (35)
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With 〈Aij2 〉 = 〈Aaij2 〉 = 0, we immediately see that 〈δV 〉 = −2〈A1ijδAij1 〉 = 0.
However, in the present case, with 〈Aij1 〉 = 〈Aaij2 〉 = 0, we find
〈δΣV 〉 = 2〈A2ijδΣAij2 〉 = −3〈Σ−1〉〈ρ(ij)ρ(ij)〉δΣ (36)
where we have used the relation
δΣρ
(ij) = −Σ−1ρ(ij)δΣ . (37)
We see that 〈δV 〉 = 0 implies 〈ρ(ij)〉 = 〈Aij2 〉 = 0. The cosmological constant then
vanishes, and there are no possible dS5 vacua.
It is now useful to note that if all the above conditions extremized the
potential, the structure of the resulting gauge groups would be the same as in the
AdS5 case namely U(1) × H with H containing an SU(2) subgroup gauged by
three of the graviphotons. Therefore, the same gauge group would give two types
of vacua, AdS5 and dS5, with different ratios of the gauge coupling constants for
the U(1) and H factors. According to the explicit form of the scalar potential
studied in [25] and [26], this is not the case. There is no dS5 vacuum for gauge
groups of the form U(1)×H for any values of the coupling constants precisely in
agreement with the above result.
3.2 〈Aij1 〉 = 0, 〈Aij2 〉 = 0 and 〈Aaik2 Aa2jk〉 = 14|µ|2δij
We now consider the second possibility with 〈Aij1 〉 = 〈Aij2 〉 = 0 and 〈Aaik2 Aa2jk〉 =
1
4
|µ|2δij. Aij2 consists of a symmetric and an anti-symmetric part. To satisfy the
condition 〈Aij2 〉 = 0, these two parts must separately vanish. This implies τ [ij] = 0
or ξm = 0, and, as in the previous case, the quadratic constraint ξMξM = 0 gives
ξa = 0. We again find that ξM = 0.
With ξM = 0, the conditions 〈Aij1 〉 = 〈Aij2 〉 = 0 give
〈ζ ij〉 = 〈ρij〉 = 0 (38)
which implies
ξmn = 0 and fmnp = 0 . (39)
Using (27) and the identity in (121) together with
ΓmΓpq =
1
2
{Γm,Γpq}+ 1
2
[Γm,Γpq]
= Γmpq +
1
2
(δmpΓq − δmqΓp), (40)
we find, after some manipulation, that the condition 〈Aaik2 Aa2jk〉 = 14 |µ|2δij gives
|µ|2δij =
[〈Σ4〉ξamξam + 4〈Σ−2〉famnfamn] δij − 2〈Σ−2famnfapq〉(Γmnpq)ij
+2
√
2〈Σ〉ξamfapq(Γmpq)ij + 2
√
2〈Σ〉ξamfamn(Γn)ij . (41)
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After using (120), we arrive at
〈Σ4〉ξamξam + 4〈Σ−2〉famnfamn = |µ|2, (42)
ξa[mf pq]a = 0 (43)√
2〈Σ3〉ξamfamr = famnfapqǫmnpqr . (44)
We then move to the extremization of the potential, 〈δV 〉 = 2〈Aa2ijδAaij2 〉 =
0, which gives
〈ρa(ij)δΣρa(ij)〉+ 〈ζa[ij]δΣζa[ij]〉 = 0 (45)
and
〈ρa(ij)δφρa(ij)〉+ 〈ζa[ij]δφζa[ij]〉 = 0 . (46)
With the relations
δΣζ
a[ij] = 2Σ−1ζa[ij]δΣ and δΣρa(ij) = −Σ−1ρa(ij)δΣ, (47)
the first condition gives
〈ρa(ij)ρa(ij)〉 = 2〈ζa[ij]ζa[ij]〉 . (48)
From the definitions (16), we can easily derive the following relations
δφζ
a[ij] = Σ2ξmnΓijn δφ
ma + Σ2Γijmξ
abδφmb, (49)
δφρ
a(ij) =
√
2Σ−1fmnpΩklΓikmΓ
jl
n δφ
pa − 2
√
2Σ−1fabnΩklΓk(im Γ
j)l
n δφ
mb . (50)
After some manipulation together with (116), we find that the condition (46)
gives
〈Σ6〉ξamξab = 4famnfmab (51)
where we have used the previous results ξmn = 0 and fmnp = 0.
We now need to find solutions to all of these conditions subject to the
quadratic constraints (6). With ξM = 0, the quadratic constraint simplifies con-
siderably
fR[MNfPQ]
R = 0 and ξM
QfQNP = 0 . (52)
By using SO(5, n) generators of the form (tMN)P
Q = δQ[MηN ]P , we find that the
gauge generators in the fundamental representation of SO(5, n) are given by
(XM)N
P = −fMQR(tQR)NP = fMNP and (X0)NP = −ξQR(tQR)NP = ξNP
(53)
where we have set ξM = 0. Note also that, for ξM = 0, the gauge group is entirely
embedded in SO(5, n). The quadratic constraint then implies that [X0, XM ] = 0,
so X0 generates an abelian factor. On the other hand, XM in general generate
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a non-abelian group with structure constants fMNP , and the first quadratic con-
straint in (52) gives the corresponding Jacobi’s identity.
Using the relations ξmn = fmnp = 0, the second relation in (52) gives
ξm
afanp = ξm
afabc = ξm
afabn = ξa
bfbmn = 0, (54)
ξa
bfbcd + ξa
mfmbc = 0, (55)
ξa
bfbcm + ξa
nfmnc = 0 . (56)
We now see that the first condition in (54) automatically solves (43). Using
components (mnpq) of the first quadratic constraint in (52), we find from (44)
that
ξamfamn = 0 . (57)
We now study consequences of all the above conditions on the structure
of gauge groups. First of all, using the relation (48) in (42), we find that
〈Σ4〉ξamξam = 2〈Σ−2〉famnfamn = 1
3
|µ|2 . (58)
This result implies that, for |µ|2 6= 0, we must have ξam 6= 0 and famn 6= 0. There-
fore, the abelian generator X0 corresponds to a non-compact group SO(1, 1), and
the non-abelian part must be necessarily non-compact. This is in agreement with
the result of [18] in which it has been pointed out, based on a few explicit exam-
ples, that only gauge groups of the form SO(1, 1)×Gnc lead to dS5 vacua. With
a simple assumption, we are able to derive this result.
From equation (57), we see that ξam and famn must be non-vanishing for
different values of indices m and a. This also implies that gauge groups of the
form SO(1, 1)×Gnc are only possible for n ≥ 2 (at least two different values of a)
as shown by explicit computation in [18] that the existence of dS5 vacua requires
at least two vector multiplets. We now determine possible gauge groups allowed
by the remaining conditions.
We begin with the simplest possibility namely ξab = fmab = fabc = 0.
These components are not constrained by the existence of dS5 vacua, so we can
have dS5 vacua regardless of their values. Since in this case we have fabc = 0,
the compact part of Gnc must be an abelian SO(2) group. We find that famn
must correspond to SO(2, 1) group. The full gauge group then takes the form of
a product SO(1, 1)× SO(2, 1).
For ξab = fabc = 0 but fmab 6= 0, the quadratic constraint implies that
fmab and famn cannot have common indices. Therefore, these components gener-
ate two separate non-compact groups with famn corresponding to SO(2, 1) as in
the previous case. Since the existence of dS5 vacua requires fmnp = 0, the com-
pact subgroup of the non-compact group corresponding to fmab must be SO(2),
hence fmab generate another SO(2, 1)
′ factor. However, it should be noted that
the compact parts of the two SO(2, 1)’s are embedded in the matter and R-
symmetry directions, respectively. The full gauge group in this case is then given
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by SO(1, 1)× SO(2, 1)× SO(2, 1)′.
For ξab = fmab = 0 but fabc 6= 0, we have the following non-vanishing
components of the embedding tensors
ξa˜m˜, fa′m′n′ , fa′b′c′ (59)
in which we have split indices as m = (m˜,m′) and a = (a˜, a′). In this case, fa′b′c′
together with fa′m′n′ form a non-compact group G˜nc whose compact subgroup
H˜c is generated by fa′b′c′. The quadratic constraint gives the standard Jacobi’s
identity for H˜c. In general, there can be a subspace in which fa′b′c′ do not have
common indices with fa′m′n′. We will denote these components as fa′′b′′c′′ with
fa′′m′n′ = 0. In this case, fa′′b′′c′′ form a separate compact group Hc while fa′m′n′
and fa′b′c′ still generate a smaller non-compact group Gnc. The full gauge group
can be written as SO(1, 1)×Gnc ×Hc.
If in addition fm′a′b′ 6= 0, we have an extra factor of SO(2, 1)′, so a general
gauge group takes the form of
SO(1, 1)× SO(2, 1)′ ×Gnc ×Hc (60)
with the compact parts of SO(2, 1) and Gnc are embedded along the R-symmetry
and matter directions, respectively.
The non-vanishing ξab on the other hand does not change the structure
of the gauge groups.
4 dS5 vacua from different gauge groups
In this section, we will study N = 4 gauged supergravity with gauge groups that
lead to dS5 vacua identified in the previous section. We will restrict ourselves to a
simple case of ξab = fmab = 0 given in (59). In general, the SO(1, 1) factor can be
embedded as a diagonal subgroup SO(1, 1)
(d)
diag ∼ (SO(1, 1)1× . . .×SO(1, 1)d)diag
in which each SO(1, 1) factor is characterized by the values of indices m˜ and a˜.
In order to have non-vanishing fm′n′a′ , we must have d ≤ 3 to allow for
the antisymmetry in m′ and n′ indices since 1 ≤ m′, n′ ≤ 5− d. An explicit form
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of the gauge generators is given by
(X0)M
N =


0 0 ξm˜
b˜ 0
0 0 0 0
ξa˜
n˜ 0 0 0
0 0 0 0

 , m˜ = 1, . . . , d; a˜ = 1, . . . , d˜,
(Xm′)N
P =


0 0 0 0
0 0 0 fm′n′
b′
0 0 0 0
0 fm′a′
p′ 0 0

 , m′ = 1, . . . , 5− d; a′ = 1, . . . , n− d˜,
(Xa′)N
P =


0 0 0 0
0 fa′m′
n′ 0 0
0 0 0 0
0 0 0 fa′b′
c′

 . (61)
Generators Xm′ and Xa′ correspond to non-compact and compact generators
of Gnc, respectively. Note also that we can have at most 5 − d non-compact
generators for Gnc. We now discuss possible gauge groups for different values of
d.
For d = 1, Gnc is a non-compact subgroup of SO(4, n− 1) with at most
four non-compact generators. We can gauge the following groups
SO(1, 1)×


SO(2, 1), n ≥ 2
SO(3, 1), n ≥ 4
SO(2, 1)2 ∼ SO(2, 2), n ≥ 3
SU(2, 1), n ≥ 5
SO(4, 1), n ≥ 7
. (62)
For d = 2 and d = 3, we have the following admissible gauge groups
SO(1, 1)
(2)
diag × SO(2, 1), n ≥ 3,
SO(1, 1)
(2)
diag × SO(3, 1), n ≥ 5,
SO(1, 1)
(3)
diag × SO(2, 1), n ≥ 4 . (63)
We will explicitly study scalar potentials arising from these gauge groups and
their dS5 vacua. In most of the following analysis, we mainly work in the case of
n = 5 vector multiplets for definiteness with an exception of SO(1, 1)× SO(4, 1)
gauge group that requires n = 7. In addition, in many cases, we will consider
only non-vanishing dilaton due to the complexity of including scalars from vector
multiplets. In all of these gauge groups we have explicitly checked that the
conditions 〈Aij1 〉 = 〈Aij2 〉 = 0 and 〈Aaij2 Aa2kj〉 = 14V0δik are satisfied. We note here
that SO(1, 1)× SO(2, 1) and SO(1, 1)(2)diag × SO(2, 1) gauge groups have already
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been studied in [18]. However, all the remaining gauge groups are new and arise
from our analysis given in the previous section.
To compute the scalar potential, we need an explicit form of the coset
representative for SO(5, n)/SO(5)× SO(n). It is convenient to define a basis of
GL(5 + n,R) matrices
(eMN)PQ = δMP δNQ (64)
in terms of which SO(5, n) non-compact generators are given by
Yma = em,a+5 + ea+5,m, m = 1, 2, . . . , 5, a = 1, 2, . . . , n . (65)
To adopt the normalization used in [16] with
ηMN = −VMijVNij + VMaVNa, (66)
we will use a slightly different definition of VMij and VijM
VMij = 1
2
VMmΓijm and VijM =
1
2
VmM(Γijm)∗ . (67)
The explicit representation of the SO(5) gamma matrices is chosen to be
Γ1 = −σ2 ⊗ σ2, Γ2 = iI2 ⊗ σ1, Γ3 = I2 ⊗ σ3,
Γ4 = σ1 ⊗ σ2, Γ5 = σ3 ⊗ σ2 (68)
where σi, i = 1, 2, 3, are the usual Pauli matrices.
4.1 SO(1, 1)× SO(2, 1) gauge group
We begin with the simplest possible gauge group SO(1, 1)× SO(2, 1). The em-
bedding of SO(1, 1) factor is given by
ξMN = g1(δ
5
Mδ
6
N − δ5Mδ6N ) (69)
while the fMNP describing the embedding of SO(2, 1) has the following indepen-
dent non-vanishing component
f238 = −g2 . (70)
This means that the compact part SO(2) ⊂ SO(2, 1) is generated by X8 while the
two noncompact generators are embedded in the R-symmetry directionsM = 2, 3.
Note also that this embedding tensor manifestly satisfies the quadratic constraint
(52).
At the vacuum, SO(1, 1) × SO(2, 1) gauge symmetry will be broken to
its compact subgroup SO(2). In principle, we can study the scalar potential for
scalars which are singlets under this residual SO(2) symmetry. However, the
number of these singlet scalars is rather large, 15 singlets in this case. Therefore,
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we will mainly analyze the scalar potential only to second-order in fluctuations
of scalar fields and give the explicit form of the potential only for the dilaton
Σ non-vanishing. With all scalars from vector multiplets set to zero, the scalar
potential is given by
V =
2g22 + g
2
1Σ
6
4Σ2
. (71)
This potential admits a unique critical point at
Σ =
(
g2
g1
)1/3
, V0 =
3
4
(g1g
2
2)
2/3 . (72)
The value of the dilaton Σ at the vacuum can be rescaled to Σ = 1 by
setting g2 = g1 which gives the dS5 vacuum in a simple form
Σ = 1, V0 =
3
4
g21 . (73)
The linearized analysis of the full scalar potential for all 26 scalars shows that
this is also the critical point of the full potential with scalar masses given by
m2L2 = 16×1, 2(1 +
√
33)×2, 12×2, 2(1−
√
33)×2, 8×6, 4×4, 0×9 .
(74)
The number in the subscripts of each mass value is the multiplicity of that mass
value at the critical point, and the dS5 radius is given by L
2 = 6/V0. This dS5
critical point is unstable because of the negative mass value 2(1 − √33). The
mass value 16 corresponds to that of Σ, and the nine massless scalars contain
three Goldstone bosons of the symmetry breaking SO(1, 1)×SO(2, 1)→ SO(2).
4.2 SO(1, 1)
(2)
diag × SO(2, 1)
We now consider another embedding for the SO(1, 1) factor as a diagonal sub-
group of SO(1, 1)×SO(1, 1) generated by the non-compact generators Y41 and Y52
of SO(5, 5). The embedding tensor for SO(2, 1) remains the same as in the previ-
ous case. We will use the following non-vanishing components of the embedding
tensor for the SO(1, 1)
(2)
diag
ξ46 = ξ57 = g1 . (75)
The scalar potential for this gauging is given by
V =
g22 + g
2
1Σ
6
2Σ2
(76)
with a unique critical point at
Σ =
(
g2√
2g1
)1/3
. (77)
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We can again shift this critical point to the value Σ = 1 by setting g2 =
√
2g1
and obtain the value of the cosmological constant
V0 =
3
2
g21 . (78)
Scalar masses at this critical point are given by
m2L2 = 16×2, 10×6, −8×1, 8×4, −6×2, 2×4, 0×8 . (79)
Notice that all masses are quantized, and the dS5 vacuum is unstable because of
the negative mass values −8 and −6. The value m2L2 = 16 corresponds to that
of Σ. Three of the eight massless scalars correspond to the Goldstone bosons of
the symmetry breaking SO(1, 1)diag × SO(2, 1)→ SO(2) at the vacuum.
4.3 SO(1, 1)
(3)
diag × SO(2, 1)
In this case, the embedding tensor for SO(2, 1) remains the same as the previous
two cases while the SO(1, 1) is a diagonal subgroup of SO(1, 1) × SO(1, 1) ×
SO(1, 1). Non-vanishing components of the full embedding tensor are now given
by
ξ19 = ξ47 = ξ56 = g1 and f238 = −g2 . (80)
These give the following scalar potential for Σ
V =
2g22 + 3g
2
1Σ
6
4Σ2
(81)
which admits a critical point at
Σ =
(
g2√
3g1
)1/3
. (82)
After setting g2 =
√
3g1, we find the cosmological constant
V0 =
9
4
g21 . (83)
Scalar masses are given by
m2L2 = 16×1,
2
3
(5 +
√
201)×3,
2
3
(5−√201)×3,
(
28
3
)
×8
,
8×2,
(
4
3
)
×3
, 0×8 .
(84)
This dS5 vacuum is unstable due to the negative mass value
2
3
(5 − √201) with
three massless scalars corresponding to the Goldstone bosons of the symmetry
breaking SO(1, 1)diag × SO(2, 1)→ SO(2).
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4.4 SO(1, 1)× SO(2, 1)× SO(2, 1)
In this case, the four noncompact generators of SO(2, 2) ∼ SO(2, 1)× SO(2, 1)
group are embedded in the R-symmetry directions M = 1, 2, 3, 4 while the com-
pact SO(2)× SO(2) generators are embedded in the matter directions M = 8, 9.
The embedding tensor for the SO(2, 2) factor can be chosen as
f238 = −g2 and f149 = −g3 . (85)
The embedding tensor for SO(1, 1) is still given by (69). Under the compact
SO(2)×SO(2) symmetry, there are five singlet scalars corresponding to the non-
compact generators Y2a, a = 1, 2, . . . , 5. The coset representative can be written
as
V = eφ1Y21eφ2Y22eφ3Y23eφ4Y24eφ5Y25 . (86)
The scalar potential is given by
V =
1
4Σ2
[
2(g22 + g
2
3) + g
2
1Σ
6 cosh2 φ2 cosh
2 φ3 cosh
2 φ4 cosh
2 φ5
]
(87)
which admits only one critical point at
φi = 0, i = 1, 2, . . . , 5 and Σ =
(√
g22 + g
2
3
g1
)1/3
. (88)
The scalar mass spectrum is
m2L2 = 16×1, 0×5, 4×12, 2(3 +
√
17)×4, 2(3−
√
17)×4 . (89)
The dS5 vacuum is unstable because of the negative mass value 2(3−
√
17). The
mass value 16 corresponds to that of the dilaton while the five scalars with zero
mass correspond to the Goldstone bosons of the symmetry breaking SO(1, 1)×
SO(2, 1)× SO(2, 1)→ SO(2)× SO(2).
4.5 SO(1, 1)× SO(3, 1)
The embedding tensor for the SO(1, 1) factor is the same as in (69) while the
SO(3, 1) part is gauged by the following components of the embedding tensor
f8,9,10 = f1,2,8 = f1,3,9 = f2,3,10 = −g2 . (90)
The compact SO(3) ⊂ SO(3, 1) is formed by generators X8, X9 and X10 along
the matter multiplet directions.
There are five SO(3) singlet scalars from SO(5, 5)/SO(5)× SO(5) coset
corresponding to the non-compact generators
Y˜1 = Y15 − Y24 + Y33, Y˜2 = Y41,
Y˜3 = Y42, Y˜4 = Y51, Y˜5 = Y52 . (91)
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With the coset representative
V = eφ1Y˜1eφ2Y˜2eφ3Y˜3eφ4Y˜4eφ5Y˜5 , (92)
the scalar potential is given by
V =
1
128Σ2
e−2(3φ1+φ2+φ3+φ4+φ5)
[
8e2(φ2+φ3+φ4+φ5)(1 + 3e4φ1 + 16e6φ1 + 3e8φ1 + e12φ1)
+4
√
6e3φ1+φ2+φ3+φ4+φ5(e6φ1 + 3e4φ1 − 3e2φ1 − 1) (e2φ2 − 1 + 2eφ3+φ4
−e2(φ3+φ4) + e2(φ2+φ3+φ4) + 2e2φ2+φ3+φ4 − e2φ5 + e2(φ2+φ5) − e2(φ3+φ4+φ5)
+e2(φ2+φ3+φ4+φ5) − 2eφ3+φ4+2φ5 − 2e2φ2+φ3+φ4+2φ5)Σ3 + 3e6φ1 (1− 2e2φ2
+e4φ2 − 4eφ3+φ4 + 6e2(φ3+φ4) − 4e3(φ3+φ4) + e4(φ3+φ4) + 4e2(φ2+φ3+φ4)
+e4(φ2+φ3+φ4) + 6e2(2φ2+φ3+φ4) + 4e4φ2+φ3+φ4 − 2e2(φ2+2φ3+2φ4) + 2e2φ5
+4e4φ2+3φ3+3φ4 + e4φ5 − 4e2(φ2+φ5) + e4(φ2+φ5) − 4e2(φ3+φ4+φ5) + e4(φ3+φ4+φ5)
−4e2(2φ2+φ3+φ4+φ5) − 4e2(φ2+2φ3+2φ4+φ5) + 2e4φ2+2φ5 + 6e2(φ3+φ4+2φ5)
+4e2(φ2+φ3+φ4+2φ5) + 6e2(2φ2+φ3+φ4+2φ5) + 2e4φ3+4φ4+2φ5 + 2e4φ2+4φ3+4φ4+2φ5
+4eφ3+φ4+4φ5 + 40e2(φ2+φ3+φ4+φ5) − 4e4φ2+φ3+φ4+4φ5 − 4e4φ2+φ3+φ4+4φ5
−2e2φ2+4φ5 + 4e3φ3+3φ4+4φ5 − 4e4φ2+3φ3+3φ4+4φ5 − 2e2(φ2+2φ3+2φ4+2φ5))] .
(93)
This potential admits a critical point at
Σ =
(√
3g2
g1
)1/3
, φi = 0, i = 1, 2, . . . , 5, V0 =
3
4
(3g1g
2
2)
2/3 . (94)
We have not found other critical points from the above potential. As in other
cases, we can bring this critical point to the value Σ = 1 by setting g2 =
g1√
3
.
The scalar mass spectrum at this dS5 critical point is given by
m2L2 = 16×2,
2
3
(7 +
√
145)×3,
[
−20
3
]
×1
,
2
3
(7−√145)×3,[
16
3
]
×8
, 4×4, 0×5
(95)
which implies that the dS5 vacuum is unstable because of the negative mass values
−20/3 and 2
3
(7 −√145). There are four Goldstone bosons corresponding to the
symmetry breaking SO(1, 1)× SO(3, 1)→ SO(3).
We now move to a similar gauge group of the form SO(1, 1)
(2)
diag×SO(3, 1)
with the embedding tensor
ξ56 = ξ47 = g1 and f8,9,10 = f1,2,8 = f1,3,9 = f2,3,10 = −g2 . (96)
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Apart from a dS5 critical point with all scalars from vector multiplets vahishing,
we have not found any other critical point. Therefore, to simplify the expression,
we will give the potential with only the dilaton Σ non-vanishing
V =
1
2Σ2
(3g22 + g
2
1Σ
6). (97)
Choosing g2 =
√
2
3
g1, the dS5 critical point is given by
Σ = 1, V0 =
3
2
g21 (98)
with the scalar mass spectrum
m2L2 = 16×1,
4
3
(5 +
√
73)×1, 10×6,
(
16
3
)
×5
,
4
3
(5−√73)×1,(
−2
3
)
×6
, 0×6 .
(99)
This dS5 vacuum is again unstable because of negative mass values −2/3 and
4
3
(5−√73). The mass value m2L2 = 16 corresponds to that of Σ.
4.6 SO(1, 1)× SU(2, 1)
We now consider the last gauge group that can be embedded in SO(5, 5). Non-
vanishing components of the embedding tensor for the non-abelian part SU(2, 1)
are given by
f129 = f138 = f147 = f248 = −f349 = −f237 = g2,
f789 = −2g2, f3,4,10 = f1,2,10 =
√
3g2 . (100)
Gauge generators (X7, X8, X9) and X10 correspond to the compact SU(2) and
U(1), respectively.
Among the 25 scalars in SO(5, 5)/SO(5)× SO(5), there are two SU(2)
singlets corresponding to the following non-compact generators Y51 and Y55. The
coset representative can be written as
V = eφ1Y15eφ2Y55 , (101)
and, with the embedding tensor of SO(1, 1) given by (69), the scalar potential
reads
V =
1
16Σ2
e−2φ2
[
96g22e
2φ2 + (1 + e2φ2)2g21Σ
6
]
. (102)
There is only one critical point at
φ2 = 0, Σ =
(
2
√
3g2
g1
)1/3
, V0 = 3
(
3
2
g1g
2
2
)2/3
. (103)
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The scalar mass spectrum for all the 26 scalars is identical to that of SO(1, 1)×
SO(2, 2) gauge group with the five massless scalars being the Goldstone bosons
of the symmetry breaking SO(1, 1)× SU(2, 1)→ SU(2)× U(1).
4.7 SO(1, 1)× SO(4, 1)
As a final example, we consider N = 4 gauged supergravity coupled to seven
vector multiplets with SO(1, 1) × SO(4, 1) gauge group. The compact part of
SO(4, 1) containing six generators of SO(4) is embedded in the matter multiplet
directions M = 7, ..., 12 while the 4 noncompact generators are embedded in the
R-symmetry directions M = 1, 2, 3, 4. The embedding tensor for SO(4, 1) is then
given by
f127 = f138 = f1,4,10 = f239 = f2,4,11 = f3,4,12 = g2,
f789 = f7,10,11 = f8,10,12 = f9,11,12 = −g2 . (104)
The embedding of SO(1, 1) is again given in (69).
Under SO(4) ⊂ SO(4, 1) symmetry, there are three singlet scalars from
SO(5, 7)/SO(5)×SO(7) coset corresponding to non-compact generators Y51, Y61
and Y62 − Y71. Using the coset representative
V = eφ1Y51eφ2Y61eφ3(Y62−Y71), (105)
we find the scalar potential for this gauge group
V =
1
64Σ2
e−8φ1
[
192g22e
8φ1 + g21e
4φ2(1 + 2e4φ1 + e8φ1 − e4φ2 + 2e4(φ1+φ2)
−e4(2φ1+φ2))2Σ6] (106)
which admits only one critical point at
φi = 0, i = 1, 2, 3, Σ =
(√
6g2
g1
)1/3
, V =
3
2
(
3g1g
2
2√
2
)2/3
. (107)
Scalar masses at this vacuum are given by
m2L2 = 16×1, 0×5, 4×22, 2(3 +
√
17)×4, 2(3−
√
17)×4 (108)
which implies the instability of the dS5 critical point because of the negative mass
value 3 −√17. The five massless scalars are Goldstone bosons of the symmetry
breaking SO(1, 1)× SO(4, 1)→ SO(4).
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5 Conclusions
In this paper, we have studied dS5 vacua of five-dimensional N = 4 gauged su-
pergravity coupled to vector multiplets. By using a simple ansatz for solving
the extremization and positivity of the scalar potential, we have derived a set of
general conditions for determining the form of gauge groups admitting dS5 vacua
as maximally symmetric backgrounds. In particular, these gauge groups must be
of the form SO(1, 1)× SO(2, 1)× Gnc ×Hc with SO(1, 1) gauged by one of the
graviphotons that is SO(5)R singlet. Gnc is a non-compact group whose compact
subgroup is gauged by vector fields in vector multiplets. On the other hand, the
compact and non-compact parts of SO(2, 1) are embedded along the R-symmetry
and matter directions, respectively. Hc ⊂ SO(n) is a compact group gauged by
vector fields from the vector multiplets. The results provide a new approach for
finding dS5 vacua which could be of particular interest in various contexts such as
in the dS/CFT correspondence and cosmology. We have also explicitly computed
scalar potentials and studied dS5 vacua for a number of gauge groups. However,
as in the N = 4 gauged supergravity in four dimensions, all of these dS5 vacua
are unstable.
It would be interesting to carry out a similar analysis in gauged super-
gravities in other dimensions in particular in four-dimensional N = 4 gauged
supergravity and compare with the results given in [11] and [13]. Another direc-
tion would be to embed the known dS5 vacuum of N = 8 gauged supergravity
with SO(3, 3) gauge group in N = 4 gauged supergravity considered here. On
the other hand, embedding the dS5 vacua identified here in N = 2 gauged super-
gravity and truncating out some scalar fields might give stable dS5 vacua within
N = 2 gauged supergravity as in a similar study in four-dimensional gauged su-
pergravity [14]. Finally, relations between dS4 and dS5 vacua in N = 4 gauged
supergravity similar to the N = 2 case studied in [22] also deserve further study.
We hope to come back to these issues in future works.
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A Useful formulae
In this section, we collect some useful identities involving SO(5) gamma matrices
which are useful in the analysis of the constraints on the embedding tensor.
For convenience, we also give a summary of non-vanishing components of the
embedding tensor for gauge groups considered in the main text.
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A.1 SO(5) gamma matrices
The SO(5) gamma matrices Γmi
j satisfy the Clifford algebra
Γmi
kΓnk
j + Γni
kΓmk
j = 2δji δmn . (109)
The charge conjugation matrix Cij and its inverse C
ij are related to the USp(4)
symplectic form as follow
Cij = −Ωij and C ij = Ωij . (110)
We can now define the gamma matrices with all indices up or down
Γijm = Ω
ikΓmk
j = −Γjim and Γmij = ΓmikΩkj = −Γmji = (Γijm)∗ . (111)
Anti-symmetrized products of gamma matrices are defined as
Γm1m2...mn = Γ[m1Γm2 . . .Γmn] . (112)
In particular, we have the following relations
Γmn =
1
2
[Γm,Γn] and Γmnp =
1
2
{Γm,Γnp} (113)
with the symmetry
(Γmn)
ij = (Γmn)
ji and (Γmnp)
ij = (Γmnp)
ji . (114)
Other useful identities are
ΓijmΓnij = 4δmn, (115)
Tr(ΓmnΓpq) = 4(δmqδnp − δmpδnq), (116)
Γm = ± 1
24
ǫmnpqrΓ
npqr, (117)
Γmn = ∓1
6
ǫmnpqrΓ
pqr, (118)
Γmnp = ∓1
2
ǫmnpqrΓ
qr, (119)
Γmnpq = ±ǫmnpqrΓr, (120)
{Γmn,Γpq} = 2Γmnpq + 2δnpδmq − 2δnqδmp, (121)
with ǫ12345 = +1. The sign choices are related to the definition Γ5 = ±Γ1Γ2Γ3Γ4.
In our calculations, we choose the convention with the upper sign.
A.2 Embedding tensor for some gauge groups with dS5
vacua
Examples of gauge groups that lead to dS5 vacua are listed in table 1 along with
non-vanishing components of the corresponding embedding tensor.
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Gauge group Embedding tensor Unbroken symmetry
SO(1, 1)× SO(2, 1) ξ56 = g1, f238 = −g2 SO(2)
SO(1, 1)
(2)
diag × SO(2, 1)
ξ46 = ξ57 = g1,
f238 = −g2 SO(2)
SO(1, 1)
(3)
diag × SO(2, 1)
ξ19 = ξ56 = ξ47 = g1,
f238 = −g2 SO(2)
SO(1, 1)× SO(2, 1)2 ξ56 = g1,
f238 = −g2, f149 = −g3 SO(2)× SO(2)
SO(1, 1)× SO(3, 1)
ξ56 = g1,
f8,9,10 = −g2,
f128 = f139 = f2,3,10 = g2
SO(3)
SO(1, 1)
(2)
diag × SO(3, 1)
ξ46 = ξ57 = g1,
f8,9,10 = −g2,
f128 = f139 = g2,
f2,3,10 = g2
SO(3)
SO(1, 1)× SU(2, 1)
ξ56 = 1,
f129 = f138 = g2,
f147 = f248 = g2,
f349 = f237 = −g2,
f789 = −2g2,
f3,4,10 = f1,2,10 =
√
3g2
SU(2)× U(1)
SO(1, 1)× SO(4, 1)
ξ56 = 1,
f127 = f138 = f1,4,10 = g2,
f239 = f2,4,11 = f3,4,12 = g2,
f789 = f7,10,11 = −g2,
f8,10,12 = f9,11,12 = −g2,
SO(4)
Table 1: Examples of gauge groups that give rise to dS5 vacua in matter-coupled
N = 4 five-dimensional gauged supergravity are listed along with the correspond-
ing embedding tensors. All of these gauge groups can be embedded in SO(5, n)
with n ≥ 7.
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